The global greenhouse effect makes carbon dioxide (CO 2 ) emission reduction an important task for the world, however, CO 2 can be used as injected fluid to develop shale oil reservoirs. Conventional water injection and gas injection methods cannot achieve desired development results for shale oil reservoirs. Poor injection capacity exists in water injection development, while the time of gas breakthrough is early and gas channeling is serious for gas injection development. These problems will lead to insufficient formation energy supplement, rapid energy depletion, and low ultimate recovery. Gas injection huff and puff (huff-n-puff), as another improved method, is applied to develop shale oil reservoirs. However, the shortcomings of huff-n-puff are the low sweep efficiency and poor performance for the late development of oilfields. Therefore, this paper adopts firstly the method of Allied In-Situ Injection and Production (AIIP) combined with CO 2 huff-n-puff to develop shale oil reservoirs. Based on the data of Shengli Oilfield, a dual-porosity and dual-permeability model in reservoir-scale is established. Compared with traditional CO 2 huff-n-puff and depletion method, the cumulative oil production of AIIP combined with CO 2 huff-n-puff increases by 13,077 and 17,450 m 3 respectively, indicating that this method has a good application prospect. Sensitivity analyses are further conducted, including injection volume, injection rate, soaking time, fracture half-length, and fracture spacing. The results indicate that injection volume, not injection rate, is the important factor affecting the performance. With the increment of fracture half-length and the decrement of fracture spacing, the cumulative oil production of the single well increases, but the incremental rate slows down gradually. With the increment of soaking time, cumulative oil production increases first and then decreases. These parameters have a relatively suitable value, which makes the performance better. This new method can not only enhance shale oil recovery, but also can be used for CO 2 emission control.
Introduction
The global greenhouse effect makes CO 2 emission reduction an important task for the world, however, CO 2 can be applied to develop shale oil reservoirs. Shale oil reservoirs are related to high total organic carbon (TOC), with an estimated reserve that is equal to 345 billion barrels of oil worldwide [1, 2] . Although shale oil is a potential unconventional energy resource with huge reserves, it is difficult to exploit efficiently due to its small pore throats and ultra-low permeability of micro to nano Darcy [3] . At present, long horizontal wells and multi-stage hydraulic fracturing technology are
Allied In-Situ Injection and Production Technology

Principles of AIIP
In previous work, our research team proposed a method for improving oil recovery in tight oil reservoirs, Cumulative In-situ Injection and Production (CIIP) or inter-fracture injection and production (IFIP) [23, 25] . The CIIP method divides a multi-stage hydraulic fracturing horizontal well into several parts. As shown in Figure 1 , some of the fractures inject fluids (water or gas) into the formation and the neighboring fractures produce oil. There are three periods for CIIP process: (1) injection period: production fractures are closed and gas is injected through injection fractures; (2) soaking period: both production and injection fractures are closed and soak for several days; (3) production period: production segments are opened to produce oil while injection segments remain closed. In previous simulation work, we studied the feasibility of CIIP for improving oil recovery in tight oil reservoirs. CIIP has better EOR performance than traditional CO 2 huff-n-puff due to higher displacement efficiency among hydraulic fractures. Although CIIP can significantly improve the performance of gas injection, there are several disadvantages: first, CIIP can improve oil recovery in the stimulated reservoir volume (SRV) area, but CIIP has limited displacement efficiency for the area far from the SRV (NSRV) zone; second, the implementation for CIIP is complicated and expensive, it requires high level quality for modification; third, with the existence of complex natural fractures and micro hydraulic fractures in SRV area, gas breakthrough might easily occur during CIIP process, resulting in limited sweep efficiency [26] .
In order to improve the limitation of CIIP and make an easier way to modify the horizontal well, Allied In-Situ Injection and Production Technology (AIIP) is proposed. AIIP is a novel approach, conducting fluid injection and oil production in different segments of the same well. Figure 2 illustrates the design of AIIP graphically. Instead of dividing horizontal wells into several parts, AIIP divides hydraulic fractures in a horizontal well into three parts: the adjacent wellhead part as the production section (Red segment), the far wellhead part as the fluid injection section (Blue segment), and the middle part as the packer section between the production section and the injection section (Grey segment). AIIP needs to design special strings and devices for injection and production in the same well. The packer section needs to inject gelling agent to seal the formation and prevent mutual interference of injection and production in the same well. Figure 3 illustrates the well pattern and schedule of AIIP. The production section accounts for about two-thirds of the total length of the horizontal section and is suitable for the use of long hydraulic fractures. The injection section accounts for about one-third of the total length of the horizontal section and is suitable for the use of short hydraulic fractures. There are three periods for AIIP process: (1) injection period: the production segments are closed and gas is injected through injection segment; (2) soaking period: both of the production and injection segments are closed and soak for several days, like huff-n-puff; (3) production period: the production segments are opened to produce oil while the injection segments remain closed. Compared with the CIIP method, AIIP method has an easier implementation procedure and cheaper cost than CIIP. Additionally, AIIP can not only enhance oil recovery in the NSRV area, but ignore the potential possibility of gas breakthrough among hydraulic fractures. These advantages remedy the shortcoming of CIIP. Therefore, AIIP is a promising and more practical method to improve oil recovery in tight oil reservoirs than CIIP.
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Implementation Procedure
AIIP can be used for displacement or huff-n-puff, as well as for different injection fluids. Therefore, it is feasible to develop shale oil reservoirs by combining AIIP with CO 2 huff-n-puff. In order to meet the requirements of injection and production in the same well, the packer device enables the tubing to be used for production and the tubing-casing annulus to be used for fluid injection. The electric valves control well injection volume and production volume to meet the production requirements of tight and shale oil reservoirs. Besides, the flowmeter can monitor the injection rate in real time, and then technicians can optimize the injection and production on the ground. For example, when gas channeling occurs, the injection rate can be reduced or the valve can be closed for some time. The explicit implementation process of AIIP can follow the steps below.
(1) Select an appropriate block for drilling a series of horizontal wells where no fault exists nearby.
(2) Horizontal wells use the multi-stage hydraulic fracturing technique, and well logging or micro-seismic monitoring is used for obtaining fracture conditions. (3) The reservoir undergoes depletion until the pressure drops bubble point pressure. (4) Insert special pipe string and device, then select appropriate fractures as production section and injection section respectively. (5) Select a section between the production section and the injection section as the packer section and inject the gelling agent into it to isolate the formation. (6) First, open the electric injection valve to inject a certain amount of carbon dioxide. Then close the injection valve and soak the well for some time. In the end, open the production valve and begin oil production.
For ensuring the performance of AIIP, it is necessary to identify the distribution of faults and fractures through micro-seismic monitoring, so as to prevent horizontal wells from being arranged in areas with faults or dense fractures. As a novel technology, AIIP has higher well completion requirements than conventional horizontal wells. First of all, it is necessary to put down tubing and packers to ensure the injection and production of fluid in the same well. At the same time, the electric injection valve is an important component, which must ensure that the valve can work durably and steadily in the underground.
Numerical Simulation
Reservoir Characteristics
In order to evaluate the performance of AIIP combined with CO 2 huff-n-puff in shale oil reservoirs, this paper chooses the shale oil reservoir in Z Sag of Shengli Oilfield as the target block and establishes a numerical simulation model. Z Sag belongs to a third-level tectonic unit in Bohai Bay Basin and is located in the northeast of J depression with an area of about 2800 km 2 [27] . The whole is distributed in a trumpet-like shape from southwest to northeast, and the depression can be subdivided into several secondary tectonic units. The reservoir depth is about 3025-3075 m and the pay thickness is 20-30 m. The lithology is mainly argillaceous limestone with a high brittle mineral content of 81.6% on average. The average pore volume of the reservoir is 4.1 µL/g, and the pore connectivity is good. The average proportion of centrifugal movable shale oil is as high as 38.80%. Other reservoir parameters are listed in Table 1 , including effective reservoir thickness, porosity, permeability, oil saturation, formation pressure, formation temperature, etc. In summary, this reservoir is a favorable section for shale oil exploration in this area [28] .
The shale oil density of 0.79-0.954 g/cm 3 , the gas-oil ratio of 5-350.1 m 3 /m 3 , is medium crude oil. The viscosity of crude oil is 0.4-40 mPa·s (at the temperature of 20 • C and the pressure of 0.1 MPa). The bubble point pressure of the crude oil is 17 MPa. Formation fluids are difficult to flow due to the poor reservoir physical properties, but formation overpressure can provide energy for flowing. Initial oil saturation averages 60%. The immovable oil mainly exists in the small pore, while the movable oil mainly exists in the large pore [29] . The salinity of formation water is 10,000-20,000 mg/L and the formation water is a CaCl 2 type. 
Model Description
This work uses CMG simulation software. The compositional model was built by CMG GEM model. The CMG-WINPROP module was used for oil component lumping, according to the fluid properties of the target reservoir. In order to speed up the numerical simulation and ensure the accuracy of the calculation results, we divided the crude oil components into seven pseudo-components by analyzing the data of crude oil components in the study area. The data of seven pseudo-components are listed in Table 2 and Figure 4 shows the pressure-temperature (P-T) phase diagram of crude oil. Based on the above reservoir characteristics and properties, a model using the number of 258 × 49 × 1 grid blocks with dimensions of 15 × 15 × 20 m was built ( Table 3 ). Considering the characteristics of natural fractures reservoir, according to reservoir parameters in the study area and referring to the commonly used methods for numerical simulation of shale oil reservoirs in the United States [30, 31] , a dual-porosity and dual-permeability model with reservoir-scale was established to simulate and evaluate the performance of AIIP combined with CO 2 huff-n-puff in shale oil reservoirs. According to the development experience of shale reservoirs at home and abroad, the study area adopted a long horizontal well row for development ( Figure 5a ) [32] . For simulating AIIP's process, two additional horizontal wells were arranged in the same location of one horizontal well. Producer with whole horizontal length (e.g., Well-5 in Figure 5b ) was used for simulating oil production during primary stage. Producer with around 2/3 of horizontal length (e.g., Producer-5 in Figure 5b ) was used for simulating oil production through production segment during AIIP stage. Injector with around 1/3 of horizontal length (e.g., Injector-5 in Figure 5b ) was used for simulating gas injection through the injection segment during AIIP stage. Hydraulic fractures were simulated by using the Log Grid Refinement (LGR) method (Table 4 ). At the initial stage, the method of depletion development was adopted. After the production declines, the AIIP development was adopted. Figure 5b ) was used for simulating oil production through production segment during AIIP stage. Injector with around 1/3 of horizontal length (e.g., Injector-5 in Figure 5b ) was used for simulating gas injection through the injection segment during AIIP stage. Hydraulic fractures were simulated by using the Log Grid Refinement (LGR) method (Table 4 ). At the initial stage, the method of depletion development was adopted. After the production declines, the AIIP development was adopted. Table 3 . Numerical simulation model parameters. 
Parameters Value
Fracture width (m) 0.003 Intrinsic permeability (mD) 10,000 Effective permeability (mD) 15 Grid cell width (m) 2 Number of refinements in the I/J/K direction 5 × 5 × 1
Case Comparison
In order to compare the performance of depletion, CO 2 huff-n-puff, and AIIP, we set up three cases for comparison.
(1) Case A: Depletion for 12 years. Depletion produces, with the minimum bottom-hole flowing, a pressure of 25 MPa and the maximum liquid production of 30 m 3 /d. The difference of schedule is that AIIP and CO 2 huff-n-puff require cyclic gas injection and huff-n-puff. The schedule of CO 2 huff-n-puff and AIIP development is shown in Table 5 . Finally, the injection and production parameters are optimized through sensitivity analysis, including injection rate, injection volume, soaking time, hydraulic fracture half-length, and hydraulic fracture spacing. Figure 6 compares the performances of AIIP, CO 2 huff-n-puff, and depletion development. The cumulative oil production of depleted development in the single well is 30,510 m 3 , that of CO 2 huff-n-puff development in the single well is 34,883 m 3 , and that of AIIP development in the single well is 47,960 m 3 . The cumulative oil production of AIIP in the single well is the highest. Under the same CO 2 injection volume in the single well, the AIIP method has a better formation energy supplement effect and higher cumulative oil production in the single well because of short injection horizontal section length and high injection pressure (Figure 7 ). With the increment of huff-n-puff cycles, the oil production of the traditional horizontal well using gas injection huff-n-puff method decreases in each cycle, but the oil production of the AIIP method increases first and then decreases, and the oil production of each cycle is greater than that of the traditional huff-n-puff method (Figure 8 ). Through the above comprehensive comparison, the performance of AIIP method is the best. effect and higher cumulative oil production in the single well because of short injection horizontal section length and high injection pressure (Figure 7 ). With the increment of huff-n-puff cycles, the oil production of the traditional horizontal well using gas injection huff-n-puff method decreases in each cycle, but the oil production of the AIIP method increases first and then decreases, and the oil production of each cycle is greater than that of the traditional huff-n-puff method (Figure 8 ). Through the above comprehensive comparison, the performance of AIIP method is the best. 
Results and Discussion
EOR Performance of AIIP
Sensitivity Analysis
The feasibility analysis shows that AIIP combined with CO2 huff-n-puff has a good application prospect for the development of shale oil reservoirs. In this part, the influence of different parameters on the performance of AIIP will be studied through sensitivity analyses. The major influential parameters include gas injection rate, gas injection volume, soaking time, hydraulic fracture length, and hydraulic fracture spacing.
Effect of CO2 Injection Rate
With the same CO2 injection volume, the difference of injection rate will also exert certain influence on the performance of AIIP theoretically. A higher injection rate can inject the set CO2 volume within a shorter time with higher injection pressure. A lower injection rate can extend the duration of the injection stage, allowing more CO2 to dissolve into the oil for a longer time. Hence, it is necessary to study the effect of injection rate on AIIP. 
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The feasibility analysis shows that AIIP combined with CO 2 huff-n-puff has a good application prospect for the development of shale oil reservoirs. In this part, the influence of different parameters on the performance of AIIP will be studied through sensitivity analyses. The major influential parameters include gas injection rate, gas injection volume, soaking time, hydraulic fracture length, and hydraulic fracture spacing.
Effect of CO 2 Injection Rate
With the same CO 2 injection volume, the difference of injection rate will also exert certain influence on the performance of AIIP theoretically. A higher injection rate can inject the set CO 2 volume within a shorter time with higher injection pressure. A lower injection rate can extend the duration of the injection stage, allowing more CO 2 to dissolve into the oil for a longer time. Hence, it is necessary to study the effect of injection rate on AIIP.
For sensitivity analyses of this parameter, a total of four groups of different injection rate are designed, as shown in Table 6 . In the four groups of schemes, injection rate and duration of the injection stage are different in each cycle. In order to ensure comparability of each scheme, the injection volume, duration of soaking stage, and duration of production stage were set to be the same within each cycle of each scheme, so as to compare the influence of gas injection rate on the performance of AIIP. As shown in Figure 9 and Table 7 , with the increment of gas injection rate, the cumulative oil production of the single well increases in turn within 5 years of development. In a certain period of time, the higher injection rate can shorten the time required for one cycle, and the total production period is longer in a certain period, but the cumulative oil production in one cycle is slightly lower than that in the lower injection rate. However, the influence of injection rate is relatively small for the cumulative oil production of the single well over a given period time, so the injection rate is not the main factor affecting the performance of AIIP ( Figure 10 ). is slightly lower than that in the lower injection rate. However, the influence of injection rate is relatively small for the cumulative oil production of the single well over a given period time, so the injection rate is not the main factor affecting the performance of AIIP ( Figure 10 ). 150 150 150 150 Table 7 . Calculation results of different injection rates. 
Injection
Effect of CO2 Injection Volume
The CO2 injection volume is one of the important factors that affect the performance of AIIP. With the increment of CO2 injection volume, formation energy can be fully supplemented, and better development results can be achieved. On the other hand, excessive CO2 injection volume will lead to the high bottom-hole pressure rise in the injection section. Limited by the capacity of gas injection Figure 10 . The relationship between cumulative oil production and CO 2 injection rate in the single well.
Effect of CO 2 Injection Volume
The CO 2 injection volume is one of the important factors that affect the performance of AIIP. With the increment of CO 2 injection volume, formation energy can be fully supplemented, and better development results can be achieved. On the other hand, excessive CO 2 injection volume will lead to the high bottom-hole pressure rise in the injection section. Limited by the capacity of gas injection equipment, there is a maximum CO 2 injection pressure, beyond which, it is impossible to continuously inject CO 2 into the formation. Therefore, it is an important task to determine a reasonable CO 2 injection volume for the target block.
For sensitivity analyses of this parameter, a total of five groups of different injection volume were designed, as shown in Table 8 . In the five groups of schemes, the volume of CO 2 injected into the single well is different during each cycle. To ensure the comparability between schemes, different CO 2 injection rates and the same injection stage time were set for each scheme, so as to compare the influence of CO 2 injection volume on the performance of AIIP. As shown in Figure 11 and Table 9 , with the increment of CO 2 injection volume, the injection pressure at the end of the injection stage increases in turn, and the cumulative oil production of AIIP also increases in turn, but the incremental rate gradually slows down ( Figure 12 ). In addition, when the injection volume is 1.5 × 10 6 m 3 , the highest bottom-hole pressure in the injection section can reach 43.4 MPa, which is close to the maximum injection pressure of the injection equipment. Therefore, CO 2 injection volume has a great impact on the performance of the AIIP method. equipment, there is a maximum CO2 injection pressure, beyond which, it is impossible to continuously inject CO2 into the formation. Therefore, it is an important task to determine a reasonable CO2 injection volume for the target block. For sensitivity analyses of this parameter, a total of five groups of different injection volume were designed, as shown in Table 8 . In the five groups of schemes, the volume of CO2 injected into the single well is different during each cycle. To ensure the comparability between schemes, different CO2 injection rates and the same injection stage time were set for each scheme, so as to compare the influence of CO2 injection volume on the performance of AIIP. As shown in Figure 11 and Table 9 , with the increment of CO2 injection volume, the injection pressure at the end of the injection stage increases in turn, and the cumulative oil production of AIIP also increases in turn, but the incremental rate gradually slows down ( Figure 12 ). In addition, when the injection volume is 1.5 × 10 6 m 3 , the highest bottom-hole pressure in the injection section can reach 43.4 MPa, which is close to the maximum injection pressure of the injection equipment. Therefore, CO2 injection volume has a great impact on the performance of the AIIP method. 
Effect of CO2 Soaking Time
For the CO2 huff-n-puff process, the soaking stage is of great significance to the performance of CO2 huff-n-puff. During the soaking stage, injected CO2 will gradually dissolve into the crude oil and bring about oil expansion, viscosity reduction, and other oil-increment effects, thereby promoting pressure propagation. Similarly, soaking time also has a certain impact on the performance of the AIIP method. If the soaking time is too short, CO2 cannot be fully dissolved, and pressure cannot be fully propagated. Excessive soaking time will lead to a large pressure propagation range and poor formation energy supplement effect. At the same time, a longer shut-in period will lead to lower cumulative oil production in a certain amount of time. Hence, the reasonable soaking time of AIIP method should be determined.
For sensitivity analyses of this parameter, a total of five groups of different soaking time were designed, as shown in Table 10 . In the five groups of schemes, the soaking time is different during each cycle. In order to ensure the comparability of each scheme, the duration of injection stage, duration of production stage and gas injection volume were set to be the same within each cycle of each scheme, so as to compare the impact of soaking time on the performance of AIIP. As shown in Figure 13 and Table 11 , with the increment of soaking time, the cumulative oil production of the single well within 5 years of development increases first and then decreases. In a certain period, shorter soaking time can shorten the time required for one cycle, and thus the AIIP with more cycles can be carried out. Although longer soaking time can improve AIIP in one cycle, excessive soaking time leads to fewer cycles of AIIP, shorter total production period, and lower oil production. Compared with different schemes, the 30-day soaking time is shorter, and the cumulative oil production of the single well is the highest (Figure 14 ). Table 11 . Calculation results of different soaking times. 
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For the CO 2 huff-n-puff process, the soaking stage is of great significance to the performance of CO 2 huff-n-puff. During the soaking stage, injected CO 2 will gradually dissolve into the crude oil and bring about oil expansion, viscosity reduction, and other oil-increment effects, thereby promoting pressure propagation. Similarly, soaking time also has a certain impact on the performance of the AIIP method. If the soaking time is too short, CO 2 cannot be fully dissolved, and pressure cannot be fully propagated. Excessive soaking time will lead to a large pressure propagation range and poor formation energy supplement effect. At the same time, a longer shut-in period will lead to lower cumulative oil production in a certain amount of time. Hence, the reasonable soaking time of AIIP method should be determined.
For sensitivity analyses of this parameter, a total of five groups of different soaking time were designed, as shown in Table 10 . In the five groups of schemes, the soaking time is different during each cycle. In order to ensure the comparability of each scheme, the duration of injection stage, duration of production stage and gas injection volume were set to be the same within each cycle of each scheme, so as to compare the impact of soaking time on the performance of AIIP. As shown in Figure 13 and Table 11 , with the increment of soaking time, the cumulative oil production of the single well within 5 years of development increases first and then decreases. In a certain period, shorter soaking time can shorten the time required for one cycle, and thus the AIIP with more cycles can be carried out. Although longer soaking time can improve AIIP in one cycle, excessive soaking time leads to fewer cycles of AIIP, shorter total production period, and lower oil production. Compared with different schemes, the 30-day soaking time is shorter, and the cumulative oil production of the single well is the highest (Figure 14 ). 
Effect of Fracture Half-Length
Fracture length has a great influence on shale oil reservoir development. Effective fracturing can facilitate fluid flow in the shale reservoir and increase oil production of the horizontal well. For CO2 huff-n-puff or AIIP, on the one hand, the increment of fracture length can facilitate the flow of injected gas, expand the contact area between injected gas and matrix, and promote the effect of oil increment. On the other hand, the excessively long length of some fractures will lead to the rapid flow of injected gas along with the fractures, forming gas channeling, and pressure leakage during the soaking stage, resulting in poor pressure level. Therefore, it is necessary to determine the effect of fracture length on the performance of the AIIP method.
For sensitivity analyses of this parameter, a total of four groups of different fracture lengths were designed, as shown in Table 12 . Among the four groups of schemes, three groups of horizontal wells have different hydraulic fracture half-lengths, comparing the influence of different fracture halflength on the effect of AIIP. In another scheme, a small number of hydraulic fracture lengths were set to be relatively long to simulate the pressure leakage caused by excessively long hydraulic fractures. As shown in Figure 15 and Table 13 , the cumulative oil production of the single well increases in turn with the increment of fracture half-length, and the long fracture scheme produces more oil in the first three cycles of AIIP. With the increment of huff-n-puff cycles, the oil production of the long-fracture scheme in a single cycle is gradually lower than that of the short-fracture scheme after three cycles. Figures 16 and 17 compare the cumulative oil production and daily oil production between the ideal model and the model with fracture connectivity. When there is fracture connectivity between wells, the existence of long fractures can achieve a better effect in the first two cycles, but the oil production 
For sensitivity analyses of this parameter, a total of four groups of different fracture lengths were designed, as shown in Table 12 . Among the four groups of schemes, three groups of horizontal wells have different hydraulic fracture half-lengths, comparing the influence of different fracture halflength on the effect of AIIP. In another scheme, a small number of hydraulic fracture lengths were set to be relatively long to simulate the pressure leakage caused by excessively long hydraulic fractures. As shown in Figure 15 and Table 13 , the cumulative oil production of the single well increases in turn with the increment of fracture half-length, and the long fracture scheme produces more oil in the first 
Fracture length has a great influence on shale oil reservoir development. Effective fracturing can facilitate fluid flow in the shale reservoir and increase oil production of the horizontal well. For CO 2 huff-n-puff or AIIP, on the one hand, the increment of fracture length can facilitate the flow of injected gas, expand the contact area between injected gas and matrix, and promote the effect of oil increment. On the other hand, the excessively long length of some fractures will lead to the rapid flow of injected gas along with the fractures, forming gas channeling, and pressure leakage during the soaking stage, resulting in poor pressure level. Therefore, it is necessary to determine the effect of fracture length on the performance of the AIIP method.
For sensitivity analyses of this parameter, a total of four groups of different fracture lengths were designed, as shown in Table 12 . Among the four groups of schemes, three groups of horizontal wells have different hydraulic fracture half-lengths, comparing the influence of different fracture half-length on the effect of AIIP. In another scheme, a small number of hydraulic fracture lengths were set to be relatively long to simulate the pressure leakage caused by excessively long hydraulic fractures. As shown in Figure 15 and Table 13 , the cumulative oil production of the single well increases in turn with the increment of fracture half-length, and the long fracture scheme produces more oil in the first three cycles of AIIP. With the increment of huff-n-puff cycles, the oil production of the long-fracture scheme in a single cycle is gradually lower than that of the short-fracture scheme after three cycles. Figures 16  and 17 compare the cumulative oil production and daily oil production between the ideal model and the model with fracture connectivity. When there is fracture connectivity between wells, the existence of long fractures can achieve a better effect in the first two cycles, but the oil production gradually decreases in the subsequent cycles. The connection of fractures leads to gas channeling, resulting in a poor pressure maintenance effect in the soaking period ( Figure 18 ). Therefore, if the hydraulic fracture is connected, the performance of AIIP will become worse. resulting in a poor pressure maintenance effect in the soaking period ( Figure 18 ). Therefore, if the hydraulic fracture is connected, the performance of AIIP will become worse. resulting in a poor pressure maintenance effect in the soaking period ( Figure 18 ). Therefore, if the hydraulic fracture is connected, the performance of AIIP will become worse. 
Effect of Fracture Spacing
The hydraulic fracture spacing is also one of the important factors affecting the oil production of the shale oil reservoir. The smaller the spacing between hydraulic fractures is, the larger the contact area between fracture and matrix is, which is beneficial to the flow of fluid in the shale oil reservoir and increases oil production of horizontal wells. For CO2 huff-n-puff or AIIP, the decrease of fracture spacing can also facilitate the flow of injected gas, expand the contact area between injected gas and matrix, and promote the effect of oil increment. However, too small fracture spacing will greatly increase the difficulty and cost of hydraulic fracturing, and when the fracture spacing reaches a certain value, the increment of oil production is also limited. Therefore, it is necessary to determine the effect of fracture spacing on the performance of AIIP method.
For sensitivity analyses of this parameter, four groups of different fracture spacing were designed to compare the influence of fracture spacing on the effect of AIIP, as shown in Table 14 . As shown in Figure 19 and Table 15 , the cumulative oil production of the single well increases in turn with the shortening of fracture spacing, but when the fracture spacing is less than 30 m, the cumulative oil production growth of the single well slows down gradually (Figure 20) . Considering the fracturing technology and economy, there may be a suitable fracture spacing, which can give full play to the performance of AIIP and have a better economy at the same time. 
The hydraulic fracture spacing is also one of the important factors affecting the oil production of the shale oil reservoir. The smaller the spacing between hydraulic fractures is, the larger the contact area between fracture and matrix is, which is beneficial to the flow of fluid in the shale oil reservoir and increases oil production of horizontal wells. For CO 2 huff-n-puff or AIIP, the decrease of fracture spacing can also facilitate the flow of injected gas, expand the contact area between injected gas and matrix, and promote the effect of oil increment. However, too small fracture spacing will greatly increase the difficulty and cost of hydraulic fracturing, and when the fracture spacing reaches a certain value, the increment of oil production is also limited. Therefore, it is necessary to determine the effect of fracture spacing on the performance of AIIP method.
Conclusions
This paper first proposes to use AIIP combined with CO2 huff-n-puff to develop shale oil reservoirs and reduce CO2 emissions. Compared with depletion and conventional CO2 huff-n-puff, the AIIP method has higher cumulative oil production and maintains higher formation pressure. Therefore, AIIP combined with CO2 huff-n-puff has a good prospect for the development of shale oil reservoirs. In the end, the effect of several parameters on AIIP development was studied through sensitivity analyses. The following conclusions can be obtained from this study:
(1) Compared with horizontal well depletion and CO2 huff-n-puff, cumulative oil production of AIIP increases by 17,450 and 13,077 m 3 respectively in the 20 years of development prediction. The oil production of AIIP first increases, and then decreases, and is higher than that of conventional huff-n-puff in each cycle. It shows that AIIP combined with CO2 huff-n-puff is an effective technique to improve shale oil recovery. (2) The performance improves with the increment of gas injection volume. When the injection volume is 1.5 million cubic meters, the oil increment slows down significantly, and the injection pressure is 43.4 MPa, which is close to the maximum injection pressure of the gas injection 
This paper first proposes to use AIIP combined with CO 2 huff-n-puff to develop shale oil reservoirs and reduce CO 2 emissions. Compared with depletion and conventional CO 2 huff-n-puff, the AIIP method has higher cumulative oil production and maintains higher formation pressure. Therefore, AIIP combined with CO 2 huff-n-puff has a good prospect for the development of shale oil reservoirs. In the end, the effect of several parameters on AIIP development was studied through sensitivity analyses. The following conclusions can be obtained from this study:
(1) Compared with horizontal well depletion and CO 2 huff-n-puff, cumulative oil production of AIIP increases by 17,450 and 13,077 m 3 respectively in the 20 years of development prediction. The oil production of AIIP first increases, and then decreases, and is higher than that of conventional huff-n-puff in each cycle. It shows that AIIP combined with CO 2 huff-n-puff is an effective technique to improve shale oil recovery.
(2) The performance improves with the increment of gas injection volume. When the injection volume is 1.5 million cubic meters, the oil increment slows down significantly, and the injection pressure is 43.4 MPa, which is close to the maximum injection pressure of the gas injection equipment. Injection rate has little impact on performance, but the injection volume exerts a great influence. (3) Shorter soaking time can increase more oil production in the process of huff-n-puff, but the oil production improves with the increment of soaking time after huff-n-puff. Increasing the soaking time can make the pressure wave spread more widely, and make more gas dissolve into oil, leading to a better performance. However, oil cannot be produced during the soaking period, and oil production is low in the short term. (4) The longer the fractures are, the higher the oil production is in each cycle of AIIP. With the increment of huff-n-puff cycles, the difference of oil production gradually decreases in different fracture length schemes. If some hydraulic fractures are too long and connected, the effect of AIIP will be affected. With the shortening of fracture spacing, the cumulative oil production of the single well increases in turn, but when the fracture spacing is less than 30 m, the cumulative oil production of the single well gradually slows down. Considering the fracturing technology and economy, there is a suitable fracture length and fracture spacing. 
